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Introduction 27
Over the last three decades, fish-farming cages have rapidly developed throughout the world 28 (FAO 2014, Belias et al. 2007 ). In the Mediterranean Sea, gilthead seabream (Sparus aurata) 29 and European seabass (Dicentrarchus labrax) are intensively farmed in most of the countries 30 (FAO 2014, Magill et al. 2006) . It is well known that fish farming interacts with the marine 31 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
environment at various spatial and temporal scales and generates variable shifts in 32 composition of benthic (Karakassis et al. 2000 , Mirto et al. 2010 ) and pelagic assemblages 33 (Dempster et al. 2002) . These changes are related to the organic enrichment derived from 34 excess of uneaten food and fish excretions, chemical pollution from medicines and antifouling 35 products, genetic effects and non-native species introductions (Dempster et al. 2002, Holmer 36 Light-trap design used in this study was a modification of that employed by Floyd et al. (1984) 96 and Kissick (1993) , which consisted of a plexiglas collection chamber measuring 40 x 40 x 40 97 cm, with eight panels forming four funnel-shaped entrances 3 mm wide. The light source was a 98 hand diving-torch (Led Lenser D14, 150 lumen) coupled to a white plastic container that 99 produced a diffuse point of illumination. 100
The light-trap technique provides selective sampling, since results are biased towards 101 photophilic species. However, it has traditionally been used for various purposes, generally 102 aimed at capturing zooplankton species, most frequently early life-stages of fish (e.g. Floyd et 103 al. 1984; Doherty 1987) . Additionally, it is useful in studies at places with difficult access or 104 where habitual sampling methods such as plankton hauls are inconvenient. Specifically, 105 oblique hauls may become logistically problematic. Researchers that still decided to deploy 106 nets between the cages had to limit sampling to vertical hauls or small purse seines (McConell 107 et al. 2010 ); light traps thus seem an appropriate alternative for sampling in logistically 108 difficult habitats (Chicharo et al. 2009 ). 109
Traps were suspended at approx. 20 m above the sea bottom, at 4 m below an anchored buoy 110 (Fig. 1B) . They were deployed after sunset for approximately 1 h, recording deployment and 111 retrieval times to the nearest minute (for later standardisation to individuals per traps per 112 hour), and their contents then removed. Due to logistical constraints we were only able to 113 sample one site during one single night (i.e. all samples from Control 1 and Farm 1 were 114 sampled on one specific night and Control 2 and Farm 2 on a different night). Every night two 115 traps were deployed approximately at the same time at the cages and two at control site and 116 every one of them was retrieved three times during the whole night, making a total of six 117 control and six farm samples considering each as one replicate. Traps were moved 20 to 30 m 118 after retrieval, and a period of at last 30 min was allowed prior to next deployment. At 119 recovery time, traps were raised slowly to allow filtration of the chamber content through the 120 250 μm-mesh bottom of the collection cup. Material retained was preserved in 4% formalin 121 seawater solution. In the laboratory, samples were sorted, counted and the main plankton 122 groups identified. Fish individuals were measured to the nearest 0.1 mm and identified to 123 family level using published literature (Russell 1976 , Sabatés 1988 found with tens of individuals per hour, like cladocera, mysidacea, chaetognatha, polychaeta, 210 ostracoda, isopoda and pteropoda (Table 1) . Relatively, copepods reached 71.9% and 85.9% of 211 total captured individuals at control and farm locations respectively, followed by larval 212 crustacea (19.0% at control and 17.8% at farms) and cladocerans with 5.1% and 1.3% at 213 control and farm locations respectively. 214
The maximum number of individuals captured at a single trap during one haul was 148,735, 215 due to an especially high abundance of copepoda and zoea larvae during the 10 th of July at 216 farm site 1. In contrast, it was notable that only 14 ind · trap -1 · h -1 were found inside a light 217 trap on the 10 th of October at a control site. 218
This higher abundance of total individuals at farm sites was supported by the multivariate 219 analysis (PERMANOVA) of the taxonomic composition of the assemblage. The environmental 220 features that stood out in the DistLM analysis were added as covariables, in order to control 221 this source of variability (see Material and Methods section). The PERMANOVA showed a 222 significant differentiation between farm and control sites (Table 2 , p-value < 0.01). The high 223 variability between days (p-value < 0.01) did not impede the detection of significant 224 differences for the main factor. 225
The differences between the amount of individuals captured in control and farm areas were 226 consistent throughout the study period. Every sampled day, the average total capture was 227 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 higher in the traps situated near fish farm structures ( Fig. 3; Table 1 ). On evaluating separately 228 the different taxonomic components of the zooplankton assemblage, this pattern was also 229 coherent for the most abundant taxa. Abundance at farms was on average 3 to 10 times higher 230 for the taxonomic groups: bivalvia, cladocera, cumacea, fish, gastropoda, polychaeta and 231 tanaidacea; 10 to 20 times higher for amphipoda, chaetognatha, isopoda, mysidacea and 232 ostracoda, and notably, 22 times higher for copepoda and the crustacean juvenile stages zoea 233 and megalopa ( Fig. 3; Table 1 ). 234
On every sampling night, abundance was always higher for copepods and crustacean larvae at 235 farms. For the rest of the taxonomic groups this pattern was quite similar, since only during a 236 single sampling day, and not always the same day, more individuals were obtained at control 237 sites for polychaetes, chaetognaths and mysidaceans and for two days only for cladocera (Fig.  238 3). As for fish, differences in the total amount of captured individuals were not that evident. 239
Nonetheless, on 13 out of 16 days, captures at farms outnumbered those at control sites (Fig.  240 3). On applying PERMANOVA to every single taxonomic group, these patterns were reinforced 241
by showing significant differences between the two levels of the main factor -farm and 242 control-in the experimental design (Table 2) . Specifically, chaetognaths, cladocerans, 243 copepods, crustacean larvae, mysidaceans and polychaetes were found at significantly higher 244 abundances at farms. All of the PERMANOVA analyses included the covariables found to 245 significantly influence the variability of zooplankton abundance. 246
A high variability was found depending on the sampling night; considering the averaged count 247 within single dates, the difference between the day with the lowest zooplankton abundance 248 and the highest ranged between 64.6 ± 24.2 to 3861 ± 1165 ind · trap -1 · h -1 for the samples 249 taken at control sites and 90.6 ± 30.6 to 67979 ± 16048 ind · trap -1 · h -1 at farm sites. This 250 marked variability among days was reflected in the PERMANOVA test, since this factor (Day) 251 appeared as significantly different for all the analysed groups. This variability, however, was 252 not an impediment for detecting the differences at They presented an average size of 21.67 ± 0.76 mm SL at control and 19.64 ± 0.40 mm SL at 262 farm locations (Fig. 4) , finding no significant differences between treatments at this level. Thus, 263
Engraulis encrasicolus was the most abundant species with a presence of 0.41 ± 0.12 ind · trap revealed that this is a generalised effect for the vast majority of plankton groups, since 275 abundances were several times higher around cages compared to control locations without 276 aquaculture influence. Particularly, copepods and crustacean larva abundance was more than 277 20 times higher around farms than at control locations. 278
Analysis of results showed that certain groups had an augmented photophilic behaviour when 279 comparing their proportional abundance with that of plankton tows, assuming the latter 280 would reflect a taxonomic composition of zooplankton closer to reality. Therefore, it was 281 concluded that traps overestimated taxa like isopoda, polychaeta, mysidacea or zoea and 282 underestimated others like pteropoda or apendicularia. These groups were found in low 283 numbers, accounting for less than 1% of the total faunal composition. An exception to this was 284 of course zoea larvae, which were the second most abundant taxa and one of the groups 285 responsible for the differences between farm and control locations. Consequently, results 286 obtained using the light trap model used in this work should always be interpreted carefully, 287 bearing in mind the potential biases regarding these taxa. However, it is clear that this bias 288 occurred likewise at both control and farm locations and therefore the generalised pattern of a 289 higher abundance at farm sites for all the taxonomical groups is consistent irrespective of the 290 sampling methodology. In the case of fish captures, the number of individuals captured by the 291 plankton nets was 3.5 times higher than that of traps but of very different size, since traps 292 bivalves, but also copepods, polychaetes (mainly Spionidae) and nauplius larvae as well as 5 306 species of larval fish and 2 of juvenile fish. However, the higher abundance of zooplankton at 307 farms is not only restricted to illuminated facilities, because it has been corroborated 308 elsewhere that the presence of pelagic invertebrates is also greater in the water column at 309 non-illuminated farms compared to control locations. In this vein, Fernandez-Gonzalez et al. 310
(2014) concluded that the abundant concentration of planktonic amphipods at farms is the 311 combined result of the input from strictly pelagic species, individuals from fouling communities 312 living on the farm structures, and migrant amphipods from soft sediments. Daily vertical 313 migration from nearby benthic communities could be one of the driving forces that increase 314 abundance of invertebrates around fish farms (Sanchez-Jerez et al. 1999). Bearing this in mind, 315 the lack of significant differences for total fish composition and the Engraulidae family could be 316 due to an actual lack of differences, to the low efficacy of our survey design to capture fish or 317 to a general low abundance of fish in the region and time of sampling. Nonetheless, these low 318 Additionally, zooplankton taxon diversity at control sites did not substantially differ from those 346 at farms (because differences were mainly due to the relatively higher abundances at the 347 aquaculture facilities but not to differences in groups composition). This also supports the 348 
